Introduction
Signalling through the PI3K pathway plays an important role in regulating the growth and survival of many tumour types (1, 2) . The PI3K family consists of four isoforms p110α, p110β, p110δ and p110γ.
PI3Kα and β are expressed in most normal tissues, while PI3Kδ is thought to be restricted to the immune system. Activation of Class 1a PI3Ks results in the formation of phosphatidyl inositol 3,4,5 phosphate (PIP3) by phosphorylation of phosphatidyl inositol 4,5 phosphate (PIP2) (2) . Formation of PIP3 is critical for activation of AKT and other PIP3 dependent effectors, which in turn leads to the activation of a number of various downstream signalling events. PI3K can be activated by extracellular stimuli via Receptor Tyrosine Kinases (RTKs), G-protein coupled receptors (GPCRs) or B-cell receptor (BCR) complexes (3) . Activation of the PI3K pathway is negatively regulated by the lipid phosphatase PTEN, a tumour suppressor PTEN that controls the levels of intracellular PIP3 by dephosphorylating PIP3 to regenerate PIP2. Hyper-activation of PI3K signalling is a feature of subsets of many different tumour types. PI3Kα is commonly directly activated by mutations in the catalytic p110α subunit (4) . Many tumours in which hyper-activation of RTK has occurred are dependent on PI3Kα (5) . In contrast PI3Kβ is rarely mutated, however loss of PTEN protein expression creates a dependency on the PI3Kβ isoform (6, 7, 8) . Although the mechanism that creates this dependency is unclear the switch is thought to be related to modulation of the basal PIP3 levels in the cells.
Loss of PTEN protein can occur in different ways, through deletion of one or both copies of the gene, through mutation resulting in loss of function, epigenetic regulation or by down regulation of protein by micro-RNA (2) . Tumours with lower levels of PTEN protein have been observed in a number of tumour types including triple negative breast cancer (9) and prostate cancer (10,11). Tumours with reduced PTEN protein are commonly associated with poor prognosis, suggesting that inhibitors of PI3Kβ may be useful for treating subsets of a range of different cancers (8) .
We describe AZD8186 a small molecule inhibitor of PI3Kβ and PI3Kδ. 
Material and Methods

Cell Line Culture
Cells lines were grown in RPMI 1640 buffer + 10% FCS + 2mM glutamine at 37°C 5% carbon dioxide.
Cell lines used for primary in vitro and in vivo experiments are listed in Supp. Table 1 . Cell line identification procedures are indicated per cell line in Supp. Table 1 . Cell panel screen details and associated cell line identification procedures are summarized in Davies et al (12) . All cell lines were authenticated at AstraZeneca cell banking using DNA fingerprinting short-tandem repeat (STR) assays. All revived cells were used within 15 passages, and cultured for less than 6 months.
In vitro Enzyme assays
Inhibition of recombinant PI3Kβ, PI3Kα, PI3Kγ and PI3Kδ was evaluated in a Kinase Glo based enzyme activity assay. Detailed method is shown in Supplementary Methods. To evaluate a broader selectivity profile, AZD8186 was also tested across the Dundee Kinase Panel (MRC Protein Phosphorylation Unit, University of Dundee, UK) and across the panel of enzymes in the KinomeScan (DiscoveRx, Fremont, CA).
Assaying PI3K pathway suppression in cell lines
BT474c cells were plated at 5600/well in 384 well plates in DMEM (Invitrogen 1966-025) supplemented with 10% FCS and 1% glutamine (Sigma, Dorset, UK). Cells were incubated with compound dosed by Acoustic dispensing) for 2 hours. Medium was then aspirated and cell lysis buffer (25mM Tris-HCl, 3mM EDTA, 3mM EGTA, 50mM sodium fluoride, 2mM sodium orthovanadate, 0.27M sucrose, 10mM β-glycerophosphate, 5mM sodium pyrophosphate, 0.5% Triton X-100) added for 20 min incubation on ice. Cell lysates were transferred to ELISA plates pre-coated with an anti-total AKT antibody (part of PathScan pAKT (Thr308) Antibody Pair kit, Cell Signaling Technology (CST, Danvers, MA) (7144) using the Plate Mate Plus (Matrix, ThermoFisher Scientific, Loughborough, UK).
The ELISA plates are then incubated overnight at 4°C before being washed & incubated with a phospho-AKT Thr308 specific antibody. Plates were washed again before addition of an anti-mouse-HRP conjugated secondary antibody. Following incubation at room temperature, plates were washed and QuantaBlu substrate working solution (Pierce, Thermo Scientific, Loughborough, UK) was added 6 to each well. Development of fluorescent product was stopped by addition of stop solution to the wells & the plates read using a Safire plate reader (Tecan, Mammedorf Switzerland).
MDA-MB-468 cells plated in 384 well plates were incubated with compound for two hours. Cells were then fixed in PBS + 3.7% formaldehyde, blocked and permeabilised in one step with addition of PBS containing 0.5% Tween 20 and 1% Marvel then stained using a phospho specific AKT Ser473 antibody (CST3787) and AlexaFluor 488 conjugated secondary antibody. Inhibition was measured on the Accumen HCS system (TTP Labtech, Cambridge, UK) by a decrease in the number of fluorescently labeled cells containing phosphorylated AKT Ser473 counted per well.
JEKO cells were plated in 96 well plates and pre-incubated with compound for 1 hour at 37°C (RPMI containing 1% glutamine) before stimulating with anti-IgM F(ab')2 fragment goat anti-human IgM, (109-006-129, (Stratech, Newmarket, UK) (0.06μg/ml or an equivalent EC90 dose) at 37°C for 10 min.
Plates were placed on ice and centrifuged at 12000rpm for 4min. On ice, media were carefully removed and 40μl lysis buffer (25mM Tris/HCL pH6.8, 3mM EDTA, 3mM EGTA, 50mM NaF, 2mM sodium orthovanadate, 270mM sucrose, 10mM beta-glycerophosphate, 5mM sodium pyrophosphate and 0.5% Triton X-100 plus protease and phosphatase inhibitors (Sigma)). Plates were incubated on ice for 5min and stored at -80 o C. AKT was assayed using the phospho (Ser473)/Total AKT whole cell lysate kit according to manufacturer's instructions (Mesoscale Diagnostics (MSD), Gaithersburg, US Kit K11100D-3).
Western Blot analysis of pathway inhibition
Cells were exposed to AZD8186 at concentrations ranging from 3 to 0.01μmol/L for 2 hours. Cells were then lysed on ice with a buffer containing 25mM Tris/HCL pH6.8, 3mM EDTA, 3mM EGTA, 50mM NaF, 2mM sodium orthovanadate, 270mM sucrose, 10mM beta-glycerophosphate, 5mM sodium pyrophosphate and 0.5% Triton X-100 and protease and phosphatase inhibitors (Sigma, Dorset, UK). Lysates were diluted with sample loading buffer (Invitrogen, Carlsbad, CA), separated on 4-12% Bis-Tris Novex gels, transferred onto nitrocellulose membranes and probed with primary antibodies overnight (Supp. 
FOXO3a Translocation Assay
Cells were seeded into a clear bottom, black wall 96-well plate and incubated overnight at 37 o C, 5%
CO 2 before exposure to AZD8186 for 2 hours. Cells were then fixed with 3.7% formaldehyde, permeabilised and blocked in 0.5% Triton-X-100/5% BSA and probed with an antibody against 
Cell Panel Proliferation Assays
Culture conditions, source and identity testing of cell lines included in the large cell panel are provided in (12 (Supp. Table S1)) and experimental procedures are outlined in Supplementary Methods.
Histopathological staining
See Supplementary Methods for detailed methods. Briefly formalin fixed paraffin embedded samples were sectioned, subjected to antigen retrieval and stained for phospho-AKT Thr308 (CST, 2965), AZD8186 was generally formulated once weekly as a suspension in HPMC/Tween and dosed once or twice daily (0 and 6-8 hours). For groups where ABT was administered. AZD8186 was formulated once weekly either alone in 10% DMSO / 60% TEG/ 30% WFI or in the presence of ABT at 10 mg/ml. Tumour volume was calculated twice weekly from bilateral caliper measurements using the formula (Length x width x width) x π/6). Growth inhibition from the start of treatment was assessed by comparison of the geometric mean change in tumour volume for the control and treated groups.
Statistical significance was evaluated using a one-tailed, two-sample t-test.
Pharmacodynamic studies
When mean tumour size reached ~0.4 cm 3 (PC3, HCC70) and 150mm 3 (HID28, MDA-MB-468). Half the tumour was snap-frozen in liquid nitrogen and stored at -80ºC the other half was fixed in 10%
formalin buffer for 24 hours and then embedded in paraffin for immunohistochemical (IHC) staining.
Total blood was collected by intracardiac puncture and plasma prepared and immediately frozen at -20ºC for pharmacokinetic analysis. For each time point a minimum of 4 or 5 tumours were used for the analysis.
Frozen tumors were homogenized using Fastprep methodology lysis matrix A (MP Biomedicals) and lysates generated using adjusted lysis buffer (1% Triton X-100). Equivalent amounts of protein (35-45µg/well) were anaylsed. The AKT(Ser473)/total AKT whole cell lysate Kit (Mesoscale Discovery K151OOD) was used to detect phosphorylated and total AKT. Two Life Technologies ELISAs (KHO0421 and KHO0411) were used to detect total and phospho-PRAS40. The effect of AZD8186 was calculated by comparing the geomean of treated groups to control for phosphorylated and total signal separately. Mouse tissue was analysed using the same AKT plates and separate plates for the PRAS ELISA (KMO0421 and KMO0411). Phosphorylated (Ser235/236) and total S6 were analysed with Mesoscale Discovery kits (K150DFD and K150DHD). All kits were used as per manufacturers'
instructions.
on June (Fig. 1A) is an isoform specific small molecule PI3Kβ inhibitor (Barlaam et al manuscript in preparation). In biochemical assays AZD8186 potently inhibits PI3Kβ (IC50 4nM) and PI3Kδ (12 nM) with selectivity over PI3Kα (IC50 35nM) and PI3Kγ (IC50 675nM) ( Table 1) . Tight binding kinetics of AZD8186 means biochemical assays under-estimate the absolute selectivity profile for PI3Ks. In a broad panel of protein and lipid kinase assays selectivity for PI3Kβ and δ was > 100 fold versus 74 protein and lipid kinases. At 10μM AZD8186 had no significant binding to 442 other kinases in an Ambit screen. AZD8186 shows selectivity for PI3K family kinases, no other off-target activity was detected. In the PTEN null line MDA-MB-468 AZD8186 inhibited PI3Kβ dependent activation of pAKT (Ser473) with an IC50 of 3nM (Table 1) . Potency in the PI3KCA mutant line BT474c was 752nM demonstrating selectivity for PI3Kβ over PI3Kα (Table 1 ; Supp. Collectively these data demonstrate that AZD8186 not only inhibits PI3Kβ dependent AKT activation resulting from PTEN deletion, but also ligand-mediated activation of AKT.
AZD8186 inhibits AKT pathway activation and growth of multiple tumour cell lines in vitro
To assess pathway modulation in more detail the activity of AZD8186 was tested in a range of breast and prostate cancer cell lines ( Fig.2A,B) . AZD8186 inhibited pathway activation in the PTEN null prostate lines LNCAP, PC3 ( Fig.2A) and breast lines MDA-MB-468, HCC70 (Fig.2B ). AZD8186 suppressed phosphorylation of AKT, PRAS40, S6 and FOXO with IC50s in the range of <10nM to 300nM, and full pathway inhibition at 300nM to 3μM. AZD8186 inhibited the growth of the PTEN deficient cells lines with GI50s less than 1μM ( Fig.2A,B ,D, Supp. Table 3 ). AZD8186 was less effective at reducing pathway activation in the PTEN WT prostate cell line DU145 and the breast cell line BT474, with activity only seen at higher doses and possibly reflecting PI3Kα activity in the compound.
PI3K activation is reported to regulated the transcription factor FOXO, AKT mediated phosphorylation of FOXO excluding it from the nucleus (17) . AZD8186 promoted translocation of FOXO to the nucleus in the PTEN deficient HCC70 and LNCAP cells at concentrations related to the potency in each cell line (Fig.2C) . In LNCAP cells treatment with 500nM AZD8186 induced association of FOXO3a with the chromatin fraction (Supp. Fig.3 ). In contrast FOXO translocation in the BT474 cell line was only induced at the highest concentrations of AZD8186 (Fig.2C ) and the pan-PI3K inhibitor GDC0941 and PI3Kα selective inhibitor BYL719 induced translocation at lower doses (Supp. Fig.1D ).
Understanding mechanisms that potentially determine sensitivity is important to select the patients appropriate for treatment with AZD8186. In a broad cross-disease in vitro cell panel a cut off of GI50 < 1μM highlighted a subset of lines that were sensitive to AZD8186 (Fig.2D; Supp. Fig.4 , Supp. 
52% (13/25) of the sensitive lines, but only 8% (9/106) of the insensitive lines. Interestingly a number of lines with genetically WT PTEN were sensitive to AZD8186 (48% (12/25)), implying PTEN loss is not the only mechanism through which cells become dependent on PI3Kβ. The activity of AZD8186 in breast and prostate lines was compared with the AKT inhibitor AZD5363 (Fig.2E,F) . Across the breast panel while activity was seen in cells where PTEN protein is lost, AZD8186 was also active in some PTEN WT lines. Interestingly two of these lines, MDA-MB-157 and MDA-MB-436 were not responsive to AZD5363. SGK-1 expression activation has recently been shown to be associated with reduction in sensitivity to AKT inhibition in breast cancer cell lines (18) . While a relationship is seen as expected between SGK-1 expression and sensitivity to AZD5363, the relationship is not as clear for AZD8186 (Fig. 2E) , and in particular MDA-MB-157 and MDA-MB-436 express SGK-1. This suggests that there are situations where there are differences the dependency on PI3Kβ or AKT signaling. In the smaller prostate sub-panel AZD8186 was active in cells lines where PTEN is lost, and had a profile closer to that of AZ5363 (Fig.2F) . Full blots are shown in Supp. Fig.5 . Collectively these data confirm that AZD8186 is effective in breast and prostate lines, but that in breast lines in particular activity is not restricted to PTEN protein null lines.
AZD8186 modulates pathway biomarkers and inhibits growth of breast and prostate tumour models
To assess single agent efficacy of AZD8186 in vivo, anti-tumour activity was assessed in the PTEN null TNBC models HCC70, MDA-MB-468 (Fig.3A,E) , and the prostate models PC3, HID28 (Fig.3I,J) .
At 50mg/kg and 25mg/kg BID AZD8186 inhibited the growth of all four models. At 25mg/kg and 50mg/kg HCC70 were inhibited 62% (p<0.001) and 85% (p<0.001) respectively, MDA-MB-468 were inhibited at 47% (p<0.001) and 76% (p<0.001) respectively at end at of study, with regression early in the study (Fig.3A,E) . Efficacy in the PTEN null prostate model PC3 was less pronounced with 25mg/kg and 50mg/kg giving maximal growth inhibition of 59% (p<0.001) and 64% (p<0.001) respectively (Fig.3I) . In contrast AZD8186 gave 79% (P<0.001) growth inhibition in the PTEN null prostate explant model HID28 (Fig.3J) . In mouse AZD8186 has a short half-life delivering a pharmacokinetic profile which results in intermittent cover over a 24 hours dosing interval (Fig.3K) . To increase the time of exposure animals bearing PC3 tumours were co-dosed with AZD8186 in the presence of the Cyt P450 inhibitor ABT, which resulted in significantly increased exposure (Fig.3K) . 
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This also increased the efficacy in the PC3 model with 86% (p<0.005) reduction in tumour growth achieved with 30mg/kg AZD8186 + ABT.
Changes in pathway pharmacodynamic biomarkers were investigated. AZD8186 inhibits pAKT (Ser473 and Thr308) and pPRAS40 following acute or chronic dosing in HCC70 (Fig.3B,C,D) and MDA-MD-468 (Fig.3F,G,H) in a dose and time dependent manner. Pathway modulation in HID28 and PC3 was similar (Supp. Fig.6A,B) . Co-dosing with ABT increased the time of pathway suppression in PC3 (Supp. Fig.6C ). Analysis of multiple biomarkers by ELISA demonstrates that AZD8186 gives dynamic biomarker modulation consistent with the pharmacokinetic profile. In addition to pathway biomarkers the ability of AZD8186 to induce translocation of the transcription factor FOXO to the nucleus was investigated (Fig.4) . IHC analysis shows that FOXO translocation correlates with the inhibition of pAKT.
To determine whether chronic or daily pathway inhibition was required to maintain anti-tumour activity HCC70 tumours were treated with AZD8186 for 4, 5 and 7 days out of a 7 day cycle (Fig. 3N, M) . Dosing for 4 days at 50mg/kg bid reduced tumour growth by 75% (p<0.05) vs. 88% (p<0.05) with constant dosing. When dosed for 5 days at 25mg/kg bid reduced tumour growth by 87% (p<0.05) compared to 93% (p<0.05) with constant dosing. A 2 days on, 5 days off schedule to AZD8186 was inactive. AZD8186 selectively modulates AKT activation in PTEN null tumour tissues. Both AZD8186 and the pan-PI3K inhibitor GDC-041 reduce growth of HCC70 and PC3 tumours (Supp. Fig.7A ,C) and phosphorylation of AKT (Supp. Fig.7B,D) , however only GDC-0941 gave significant inhibition of pAKT in lung tissue (Supp. Fig.7B,D) . Collectively these data establish that AZD8186 is capable of modulation PI3K pathway activation in PTEN null TNBC and Prostate tumour models, resulting in decreased tumour growth. Monotherapy activity is retained with a minimum of 4-5 days drug exposure.
AZD8186 combines with docetaxel to give improved tumour control
TNBC and late stage prostate cancer are commonly treated with docetaxel. HCC70 and PC3 tumour xenografts were treated with a single dose of docetaxel, and with a continuous daily dose of 25 and 50 mg/kg AZD8186 (Fig.5A,B) . In HCC70 tumours combining 25 and 50mg/kg AZD8186 BID with 15 mg/kg docetaxel gave greater tumour control compared to each monotherapy ( A number of PTEN null lines were insensitive to AZD8186, consistent with the hypothesis that multiple factors can influence the dependency on PI3Kβ. Understanding which pathways render the PTEN protein null cells less dependent on PI3Kβ will inform both patient selection, and combination opportunities to maximise the benefit of these agents. Candidate pathways include IGFR, EGFR, alternate PI3K pathway drives and the presence of RAS and RAF mutations (25, 26, 27) . It cannot be excluded that the additional PI3Kδ activity also contributes. In vivo AZD8186 inhibits the growth of multiple PTEN deficient tumour models (unpublished data).
Here we show inhibition in models of TNBC and prostate cancer. In mouse AZD8186 has a short exposure profile which we have exploited to determine how target cover influences the efficacy. In most models robust anti-tumour activity is seen with a PK profile that does not achieve 24hr cover.
Extending the exposure in PC3 by co-dosing with ABT increased efficacy suggesting that in this model longer pathway suppression is required to drive a single agent anti-tumour effect. While it is possible to drive greater efficacy with increased cover it appears that in the majority of sensitive models intermittent inhibition of the pathway is sufficient. The anti-tumour effects are largely through inhibition of tumour cell signalling as in the tumour models tested AZD8186 did not impact blood vessels, stroma, or inflammatory infiltrate.
Achieving anti-tumour effect with intermittent pathway suppression is advantageous. Given treatment with AD8186 has the potential to induce feedback through FOXO regulated genes activating other proproliferative signalling pathways (21, 23) , intermittent pathway suppression could reduce the feedback loop induced resistance as a result of up-regulation of IGF-R, IRS-2 or ERB mediated signaling as seen with AKT inhibitors (25, 26, 27) . Moreover when combining with other agents, being able to schedule each therapy to maximise therapeutic index is also an advantage (3). AZD8186 can achieve anti-tumour activity when dosed for 4 or 5 days out of a 7 day cycle, reducing the dose intensity of therapy, and establishing drug holidays. This allows effective combination with chemotherapy, or other targeted agents with known side effects. Further work exploring the degree of pathway suppression required achieve optimal therapeutic activity across a range of models will be required to optimise the most effective clinical schedule (3).
In triple negative breast and prostate cancer, docetaxel is a standard of care chemotherapy. AZD8186 together with a single dose of docetaxel gave improved tumour growth inhibition in both PC3 and HCC70 models. It is interesting that growth inhibition achieved following a single dose of docetaxel in combination with AZD8186 is sufficient to give prolonged tumour control when treatment is 
to maintain this improved tumour control in the HCC70 tumours. It is likely that agents targeting PI3Kβ will give greatest benefit when used in combination, therefore combination with androgen receptor therapy and other molecular targeted therapies will be explored.
AZD8186 also inhibits PI3Kδ, however this study has not explored the potential for AZD8186 in tumour types sensitive to PI3Kδ inhibition. Although PI3Kδ is reported to play a role in some solid tumour settings, in our models inhibitors with preferential activity to PI3Kδ are not active. 
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